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1. INTRODUCTION {#ped412189-sec-0006}
===============

Tics are sudden, brief, involuntary, repetitive motor movements or vocalizations that usually occur in bouts and show variable frequency, intensity, and form.[^1^](#ped412189-bib-0001){ref-type="ref"} Tics usually first manifest around 4--6 years, affecting approximately 1% of school‐age children, mainly males.[^2^](#ped412189-bib-0002){ref-type="ref"} Premonitory urges (PUs) are sensory phenomena that precede tics.[^3^](#ped412189-bib-0003){ref-type="ref"} Many patients experience unpleasant or uncomfortable feelings of energy, tension, itchiness and pressure, which have been variously described as "just right perceptions" "premonitory sensory phenomena" and "sensory tics".[^4^](#ped412189-bib-0004){ref-type="ref"}, [^5^](#ped412189-bib-0005){ref-type="ref"} PUs is reported to occur on over 90% of patients with Tourette syndrome (TS),[^3^](#ped412189-bib-0003){ref-type="ref"}, [^6^](#ped412189-bib-0006){ref-type="ref"}, [^7^](#ped412189-bib-0007){ref-type="ref"} and seem to be an initial and necessary process in the expression of tic symptoms.[^8^](#ped412189-bib-0008){ref-type="ref"}

Recent evidence supports a relationship between PUs and tic severity.[^6^](#ped412189-bib-0006){ref-type="ref"}, [^7^](#ped412189-bib-0007){ref-type="ref"}, [^9^](#ped412189-bib-0009){ref-type="ref"}, [^10^](#ped412189-bib-0010){ref-type="ref"}, [^11^](#ped412189-bib-0011){ref-type="ref"}, [^12^](#ped412189-bib-0012){ref-type="ref"}, [^13^](#ped412189-bib-0013){ref-type="ref"} However, contradictory results also exist, as several studies have failed to find a correlation between PUs and tic severity.[^14^](#ped412189-bib-0014){ref-type="ref"}, [^15^](#ped412189-bib-0015){ref-type="ref"} Possible reasons for this inconsistency are differences in age and tic disorder stage across study samples.[^10^](#ped412189-bib-0010){ref-type="ref"} These findings highlight the need for further studies.

Furthermore, behavior therapy for tic disorders has been recommended as the first‐line treatment for TS.[^16^](#ped412189-bib-0016){ref-type="ref"}, [^17^](#ped412189-bib-0017){ref-type="ref"} Habit reversal training is one of the most important behavioral therapies for tic disorders, and the first stage of this therapy is to detect PUs.[^18^](#ped412189-bib-0018){ref-type="ref"} Moreover, the insula, anterior cingulate cortex, and supplementary motor cortex are associated with the generation and expression of PUs.[^19^](#ped412189-bib-0019){ref-type="ref"}, [^20^](#ped412189-bib-0020){ref-type="ref"} Interestingly, all these brain areas are part of the cortico--striatal--thalamo--cortical circuit, w hich provides a framework for understanding tic symptoms.[^21^](#ped412189-bib-0021){ref-type="ref"}

A greater understanding of the sensory accompaniments of tics would improve our understanding of the pathophysiology of tic disorders, and provide new potential treatment options. In addition, there is no report of PUs in the Chinese population. Therefore, in present study, we recruited a Chinese sample to explore the relationship between PUs and tic symptoms.

2. METHODS {#ped412189-sec-0007}
==========

2.1. Ethical approval {#ped412189-sec-0008}
---------------------

This research was approved by the Ethics Committee of Beijing Children's Hospital. Written informed consents were obtained from all the guardians of the participants.

2.2. Participants {#ped412189-sec-0009}
-----------------

The study comprised 252 participants from outpatient department of Beijing Children's Hospital from August 2019 to January 2020. The inclusion criteria were: (1) diagnosed with Tourette's disorder or persistent (chronic) motor or vocal tic disorder according to the *Diagnostic and Statistical Manual of Mental Disorders, 5th Edition (DSM‐V)*; (2) having tic episode during the 7 days before the interview; (3) aged between 5--16 years. The exclusion criteria were: (1) having severe neurological disorders (e.g. seizures, autism, and severe intellectual disability); (2) treatment for other medical conditions (e.g. asthma and infections); (3) inability to understand the psychometric scales; (4) hard to communicate.

2.3. Assessment scales {#ped412189-sec-0010}
----------------------

The Yale Global Tic Severity Scale (YGTSS) is a semi‐structured interview to assess the nature and severity of motor and vocal tics in recent 7 days.[^22^](#ped412189-bib-0022){ref-type="ref"} Tics are evaluated according to their number, frequency, intensity, complexity, and interference. Maximum scores are 50 for tics (25 for motor and 25 for vocal tics) and 50 for tic‐caused impairment, yielding a total maximum score of 100. The YGTSS is a widely used scale with excellent psychometric properties.

The Premonitory Urge for Tics Scale (PUTS) is a nine‐item questionnaire that measures premonitory sensations in individuals with tics.[^9^](#ped412189-bib-0009){ref-type="ref"} Each item is scored from 1 (not at all true) to 4 (very much true). The total score is obtained by summing scores on the nine items. Thus, total scores range from 9 to 36; higher scores indicate more frequent PUs. The PUTS has demonstrated good internal consistency, test‐retest reliability, and construct validity among children and adults.[^6^](#ped412189-bib-0006){ref-type="ref"}, [^9^](#ped412189-bib-0009){ref-type="ref"}, [^13^](#ped412189-bib-0013){ref-type="ref"}

Two independent child psychiatrists were invited to perform the assessment of tic symptoms and PUs; the intraclass correlation coefficient was over 0.85. The locations of tic symptoms were also recorded.

2.4. Statistical analysis {#ped412189-sec-0011}
-------------------------

Data are presented as mean ± standard deviation (SD). Because no normality was found on the ordinal data of scales, Spearman correlation coefficients between the PUTS scores and YGTSS subscale scores were calculated. A linear regression model was constructed to predict the tic symptoms severity by PUs. A *P* value \<0.05 was considered to be statistically significant. Statistical analyses were performed using SPSS (version 25.0, SPSS Inc., Chicago, IL, USA).

3. RESULTS {#ped412189-sec-0012}
==========

3.1. Demographic data {#ped412189-sec-0013}
---------------------

Participants were 204 boys and 48 girls, with a mean age of 9.5 ± 2.1 years (range 5--16). The mean duration of illness was 2.7 ± 1.6 years (range 1--9), and the mean age of tic onset was 6.88 ± 1.61 years (range 1.5--13.0). About 23 participants (9.1%) reported a positive family history of tics.

3.2. Characteristics of tic symptoms {#ped412189-sec-0014}
------------------------------------

The locations of tic symptoms are shown in Figure [1](#ped412189-fig-0001){ref-type="fig"}. The eyes/eyebrow, mouth, head/neck, throat, and nose were the most frequent locations for tics. Nearly 96.0% of participants reported motor tics during the 7 days before the interview. The most common types of motor tics were eye blinking, eye rolling, nose twitching, mouth opening, mouth twitching, head jerks, and shoulder jerks. About 61.1% of participants had vocal tics during the 7 days before the interview. Throat clearing, coughing and sniffing were the most common types of vocal tics; 41 participants had vocal tics of syllables; 5 participants had coprolalia; 1 participant had stammer.

![Occurrence rates of tic symptom locations in the population with tic disorders.](PED4-4-86-g001){#ped412189-fig-0001}

3.3. Assessment of Pus and tic symptom severity: PUTS and YGTSS scores {#ped412189-sec-0015}
----------------------------------------------------------------------

A tot al of 176 participants (69.8%) report e d PUs experiences. Table [1](#ped412189-tbl-0001){ref-type="table"} shows means, standard deviations, minimums, maximums, kurtosis, and skewness of PUTS and YGTSS scores.

###### 

The PUTS and YGTSS scores of the patients with tic disorders

  Variable             Mean    SD     Minimum   Maximum   Kurtosis   Skewness
  -------------------- ------- ------ --------- --------- ---------- ----------
  PUTS                 12.96   3.23   9         26        0.576      0.546
  YGTSS total score    22.81   9.20   6         63        1.518      0.864
  Total tic severity   19.63   6.47   6         38        −0.827     0.157
  Impairment           3.21    5.32   0         30        2.451      1.555

PUTS, Premonitory Urge for Tics Scale; YGTSS, Yale Global Tic Severity Scale; SD, standard deviation
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3.4. Correlations between Pus and tic symptom severity {#ped412189-sec-0016}
------------------------------------------------------

Spearman correlation analysis was performed to identify associations between PUs and tic symptom severity. PUs (PUTS scores) were related to the motor tics (especially the intensity and complexity of motor tics), but not to the vocal tics (Table [2](#ped412189-tbl-0002){ref-type="table"}). PUs also showed significant positive correlation with total tic severity, tic‐caused impairment and YGTSS total score (Table [2](#ped412189-tbl-0002){ref-type="table"}).

###### 

Correlation between tic symptom severity with premonitory urges in the population with tic disorders

  Tic symptoms         *R*     *P*
  -------------------- ------- ------------------------------------------------
  Motor tics           0.144   0.022[\*](#ped412189-note-0002){ref-type="fn"}
  Number               0.103   0.104
  Frequency            0.091   0.150
  Intensity            0.136   0.031[\*](#ped412189-note-0002){ref-type="fn"}
  Complexity           0.140   0.026[\*](#ped412189-note-0002){ref-type="fn"}
  Interference         0.066   0.299
  Vocal tics           0.081   0.202
  Number               0.067   0.292
  Frequency            0.051   0.424
  Intensity            0.071   0.258
  Complexity           0.111   0.078
  Interference         0.090   0.154
  YGTSS total score    0.203   0.001[\*](#ped412189-note-0002){ref-type="fn"}
  Total tic severity   0.128   0.043[\*](#ped412189-note-0002){ref-type="fn"}
  Impairment           0.163   0.009[\*](#ped412189-note-0002){ref-type="fn"}

indicates statistically significant. *R*, coefficient of correlation. YGTSS, Yale Global Tic Severity Scale.

John Wiley & Sons, Ltd

PU severity was considered as a predictor of tic symptom severity, and a corresponding linear regression analysis was constructed. The results showed that PUTS score was a significant positive predictor of YGTSS total score (standardized beta coefficient = 0.174, *t =* 2.786, *P =* 0.006). Figure [2](#ped412189-fig-0002){ref-type="fig"} shows the predicted probability plot for the linear regression model.

![The predicted probability plot for the linear regression model.](PED4-4-86-g002){#ped412189-fig-0002}

4. DISCUSSION {#ped412189-sec-0017}
=============

In this study, we found that the mean age, the occurrence rate of PU, the mean score of PUTS and YGTSS were lower comparing to most of previous reports.[^6^](#ped412189-bib-0006){ref-type="ref"}, [^7^](#ped412189-bib-0007){ref-type="ref"}, [^9^](#ped412189-bib-0009){ref-type="ref"}, [^11^](#ped412189-bib-0011){ref-type="ref"}, [^12^](#ped412189-bib-0012){ref-type="ref"}, [^13^](#ped412189-bib-0013){ref-type="ref"} These are important clinical characteristics of our sample, indicating the relative younger population and milder symptoms.

We explore the association between PUs and tic symptoms. The severity of PUs demonstrates a positive correlation with tic severity and tic‐caused impairment. It also shows that PUs could significantly predict tic symptom severity. Indeed, it has been reported that PUs represent a preprocessing stage of tic expression.[^23^](#ped412189-bib-0023){ref-type="ref"} Therefore, because of the important association of PUs and tics, we recommend that PU assessment should be included in most studies about tic disorders. However, the assessment of PUs seems to be neglected. For example, most randomized controlled trials on TS treatments do not report changes in PUs.[^24^](#ped412189-bib-0024){ref-type="ref"}, [^25^](#ped412189-bib-0025){ref-type="ref"} The PUs may represent the initial process by which tic symptoms develop, and should receive more attention.

Previous studies about PUs were mainly conducted on individuals older than 8 years.[^6^](#ped412189-bib-0006){ref-type="ref"}, [^7^](#ped412189-bib-0007){ref-type="ref"}, [^9^](#ped412189-bib-0009){ref-type="ref"}, [^11^](#ped412189-bib-0011){ref-type="ref"}, [^13^](#ped412189-bib-0013){ref-type="ref"} Recently some studies applied PUTS on younger children.[^12^](#ped412189-bib-0012){ref-type="ref"}, [^14^](#ped412189-bib-0014){ref-type="ref"}, [^26^](#ped412189-bib-0026){ref-type="ref"} In our experience, with the help of psychiatrists, half of the children aged 5 years and most of the children aged between 6--7 years could report PUs reliably; but none of the children younger than 5 years can understood the PUTS items. For this reason, we only included participants older than 5 years. However, a more suitable tool to assess PUs in younger children is needed.

Few studies in China have focused on the location of tic symptoms. Here, we report the most frequent tic symptom locations. Our previous report of two cases of PU locations on the tongue[^8^](#ped412189-bib-0008){ref-type="ref"} indicated that, owing to the lack of information about PU and tic symptom locations, some cases may be easily misdiagnosed, especially by pediatricians. Therefore, location information for PUs and tic symptoms should be included in future assessments.

There are three limitations to this study. First, the sample size was relatively small and only children were included. A larger sample comprising both children and adults is needed to better explore the relationship between PUs and tic symptoms. Second, our sample is mainly comprised of individuals with mild to moderate tic symptoms. Including more severe cases will be better. Third, we did not assess the effects of comorbid conditions on PUs and tics. A more detailed history taking and further assessment on intelligence quotient, attention deficient/hyperactivity disorder, obsessive compulsive disorder, anxiety disorders and other mental disorders should be conducted in future research.

In conclusion, we provide evidence for a correlation between PUs and tic symptoms. PU severity predicts the severity of tic symptoms. More research is needed on PUs that includes assessment (e.g. validated tools for younger children and assessment of PU location), shared brain mechanisms with tic symptoms, and the role of PU in tic expression. Greater insight into the pathophysiology of PUs could lead to the future identification of new therapeutic modalities targeting the sensory initiators of tics.
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